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Introduction
Melasma is a dysfunction of the melanogenesis system, which results in localized, chronic hypermelanosis. 1, 2 It mostly affects women aged between 30 and 55 and appears symmetrically on areas that are exposed to the sun, such as the cheeks, forehead, temples, upper lip and chin. 2 The exact cause is not clear but genetics, sex hormones, and ultraviolet exposure are proposed to be involved in the pathogenesis of the disease. 3 Lesions are mostly light brown to blackish patches with irregular borders. 2 Four types of diseases including epidermal, dermal, mixed epidermal-dermal, and indeterminate have been defined. 4 Current treatments for melasma are unsatisfactory. Conventional treatments include strict sun protection, lightening agents, chemical peeling, lasers, and various light therapies. To achieve better results in the treatment of melasma, it has been proposed that the topical application of skin lightening agents could be combined with the procedures that enhance the skin penetration of the drugs, such as electroporation and micro-needling.
The utilization of lasers for enhancing drug delivery was described in 1987 using ablative non-fractional device lasers. It has been proposed that various types of lasers improve drug penetration by three mechanisms: (1) tissue ablation, which removes the stratum corneum and the most superficial layers of the epidermis; (2) photomechanical waves, resulting from the conversion of light into mechanical energy; and (3) non-ablative resurfacing, where thermal and physical injuries rupture the skin barrier, promoting the delivery of medications.
The Er: YAG (erbium: yttrium-aluminum-garnet) laser contains 2940 nm wavelength of the light which is absorbed by tissues containing water 4 and could be useful in melasma treatment with minimal thermal damage and post-inflammatory hyperpigmentation. 4 In a previous study, Attwa et al reported the YAG laser as an effective treatment for melasma. 5 This study, we aimed to compare the treatment effect of the combination of the Er: YAG laser and HQ with HQ alone in the management of facial melasma. Er-YAG Laser With Hydroquinone 4% in Melas facial melasma and Fitzpatrick skin types III-V were recruited, and their ages ranged from 18 to 45. The baseline characteristics of the patients, including age, skin Fitzpatrick type, history of the pregnancy, and OCP consumption were recorded. Examination using Wood's lamp determined the types of lesions (epidermal, dermal, and mixed) ( Table 1) .
Materials and Methods
Exclusion criteria were the recent use of depigmenting agents, pregnancy, autoimmune diseases, the concomitant use of isotretinoin or hormonal therapy, thyroid disease, cutaneous infection/inflammations, and ectropion.
The institutional review board approved the project and all cases were asked to fill informed consent forms. The study had also been approved by the local ethics committee.
One side of the face was randomly selected for laser therapy and it was cleaned by alcohol completely one hour before laser application. Then topical anesthetic cream (EMLA; AstraZeneca, Sodertalje, Sweden) was applied and hair-bearing areas were covered with damp towels. The Er: YAG (Fotona; skin plus surgical laser system model 220 A) was calibrated to 1.0 J with a 5 mm collimated spot at 5 Hz and applied once vertically and once horizontally. Three monthly laser sessions (0, 4, 8, weeks) were conducted consecutively and the patients were recommended to use HQ 4% nightly on both sides of the face during 5 to 80 days after laser treatment.
The patients were evaluated in 0, 4, 8, 28 weeks and underwent a dermatologic examination by a dermatologist to evaluate the efficacy and safety of the treatment and also the participants' satisfaction. Further, 2 blinded dermatologists calculated the MASI based on photographs according to the standard formula. The total MASI score is as follows: Forehead 0.3 (D+H) A + right malar 0.3 (D+H) A + left malar 0.3 (D+H) A + chin 0.1 (D+H) A 6 in which darkness (D) homogeneity (H) and areas (A) are involved and the degree of involvement of each facial area is shown as percentage (10%-30%).
All lesions were photographed by using the iPhone photographic system.
Since one of the consequences of the different therapeutic interventions in hemi-split faces is asymmetric changes of the skin, we considered to apply additional laser and HQ treatment to bleach the darker side, if the patients complained of significant differences between two sides, which remained after 52 weeks.
Statistical Analysis Data analysis was conducted by using SPSS software version 22 (IBM, Chicago, IL, USA). We used a chi-square test with Fisher exact test and an independent-samples t test for categorical and continuous data respectively. P value significance was considered 0.05 for all statistical tests.
Results
Twenty-nine cases were enrolled in the present study. The baseline characteristics of the patients are shown in Table 1 .
The mean MASI scores were not significantly different between two groups at the baseline (laser side: 17.64 ± 8.21; another side: 18.43 ± 8.62; P = 0.07), but after 8 weeks the laser side had a lower MASI score in comparison to HQ. In week 28, there was still a difference between the MASI scores of the two sides, although with no statistical significance ( Table 2 ). No patients complained of an asymmetric look during the study and in week 52. Figure 1 reveals the different pigmentation levels of both treatment modalities.
Five patients in this study developed post-inflammatory hyperpigmentation and recurrence was found in 6 (20.6%) cases.
Discussion
This study was conducted to evaluate the effect of the Er: YAG laser plus HQ in comparison to HQ alone on the treatment of facial melasma.
Several studies evaluated the efficacy of lasers in the treatment of melasma. Because of the barrier effect of the stratum corneum on the penetration of topical medication, some modalities like iontophoresis-micro needling have been developed to enhance drug delivery to the skin. 6 As previously reported, one of the known side effects of laser treatment is PIH which can diminish the treatment effect. However, because of the lower pulse duration of the Er: YAG laser in comparison with the thermal relaxation time of skin, it produces lower heat dissipation and shorter healing time and consequently lower risk of PIH. 7, 8 In one study, 10 females with refractory melasma were treated with the Er: YAG laser and significant improvement was reported immediately, but all of the patients developed PIH. 6 In our study, 5 patients (20%) had PIH following laser treatment, which should be considered as a common complication of this treatment.
Melasma recurrence after the Er: YAG laser is an issue that may have an impact on the efficacy of treatment. Gokalp et al applied the Er: YAG laser for 34 patients with melasma; despite the short-term efficacy of the treatment, 58% of the patients complained of recurrence after 1 year. In our study, 6 patients reported a recurrence of melasma at the end of the study, so longer follow-ups and larger studies are required to assess the durability and stability of this treatment modality. 9 This study showed that the combination of the Er: YAG laser and HQ in the treatment of melasma was more effective and durable than HQ alone ( Table 2) , but after 28 weeks it lost its significance. Therefore, one of the disadvantages of YAG laser treatment is the need for continuous treatment (monthly), which may lead to patients' withdrawal.
The study was potentially limited by the small size of the study. In addition, due to the limited number of the participants, it was not possible to perform subgroup analysis according to the baseline characteristics. Another limitation refers to the short time of follow-up, which seems to be insufficient to evaluate the long-term efficacy and safety of the treatment. Therefore, larger studies are warranted to assess the efficacy and possible complications of the Er: YAG laser in the treatment of melasma.
Ethical Considerations
In this study all the participants understood and signed the informed written consent, and also the Ethical Committee approved the experiments. 
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